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Description 

[0001] This invention relates to flame retardant resin compositions based on synthetic resins containing an aromatic 
ring in a molecule such as aromatic polycarbonate resins and aromatic epoxy resins 

BACKGROUND 



[0002] Flame retardant resin compositions are otter used in various products such as electric and electronic parts, 
building members, automotive parts, and daily goods These resin compositions are generally made flame retardant 
by adding organic halogen compounds optionally in admixture with antimony trioxide However, these flame retardant 
resin compositions have the drawback that harmfu halogen gases evolve upon combustion 

[0003] It is also known that resin compositions can be made flame retardant by adding silicone resins which do not 
evolve harmful gases. 

[0004] JP-A 36365/1979 discloses a flame retardant resin composition wherein a silicon resin containing at least 
80% by weight of trifunctional siloxane units is added to an organic resin With respect to the organic resin, no reference 
is made to aromatic polycarbonate resins and aromatic epoxy resins With a focus on the melt processing of the organic 
resin, a relatively high molecular weight s licone resin substantially Tree of crosslinkmg functional radicals and having 
a softening point above room temperature is selected Having a relatively weak flame retardant effect, the silicone 
resin must be added in a large amount of about 10 to 300 parts by weight per 100 parts by weight of the organic resin, 
20 detracting from the properties of the organic resin. 

[0005] JP-A 500780/1 983, 2261 59/1 992, and 33971/1 995 disclose flame retardant resin compositions having added 
thereto silicone resins consisting of monof unctional siloxane units and tetraf unctional siloxane units. JP-A 1 28434/1 994 
discloses a flame retardant resin composition having added thereto a silicone resin containing vinyl-bearing siloxane 
units In order to exert satisfactory flame retardant effect, all these compositions, however, require to increase the 
25 amount of silicone resin added or to additionally use inorganic fillers such as aluminum hydroxide, halogens or phos- 
phorus compounds. 

[0006] In most systems with silicone resins added, the amount of silicone resin added must be increased in order to 
achieve satisfactory flame retardant effect, but at the sacrifice of the moldability and mechanical strength of resin 
compositions Efforts have been made on silicone resin additives having greater flame retardant effect or addrlives 

30 capable of cooperating with silicone resins to improve the flame retardant effect 

[0007] JP-A 176425/1996 discloses a flame retardant resin composition comprising a polycarbonate resin, an epoxy- 
bearmg organopolysiloxane, and an alkali metal salt of an organic sulfonic acid. JP-A 1 76427/1 996 discloses a flame 
retardant resin composition comprising a polycarbonate resin, a polycarbonate resin modified with a phenolic hydroxyl- 
bearing organopolysiloxane, and an organic alkali metal salt Further, JP-A 169914/1997 discloses a composition 

3S wherein a petroleum heavy oil or pitch is combined with a silicone compound for improving flame retardance These 
silicone resins having special organic functional radicals are expensive because of the complication of their preparation 
process, but do not achieve a sufficient flame retardant effect to compensate for the increased cost In this regard, a 
further improvement is desired 

[0008] Also for improving the thermal oxidation resistance of polycarbonate resins, it is known effective to add a 
silicone resin having alkoxy functional radicals which can be introduced at a relative low cost. JP-A 102352/1979 
discloses a thermoplastic resin composition having added thereto a silicone resin containing alkoxy radicals as shown 
below 



OC : H 5 OC 2 H, OC 2 H 3 

H 5 C 2 0 -f-SiO OC 2 H 5 or C b H 5 S i OSi-C 6 H 5 

OC 2 H 5 OC : H, OC 2 H 5 

x is an integer of 2 to 10 

In general, siloxanes having a greater alkoxy content tend to form a network and provide a greater thermal oxidation 
resistance We find that the former silicone resin provides poor flame retardance. 

The latter, phenyl-bearmg, low molecular weight organosiloxane is also poor in flame retardance because of a sub- 
stantial loss of effective components through gasification by heat during melt processing or combustion 
[0009] JP-A 306265/1 994 discloses a flame retardant polycarbonate resin composition comprising an aromatic poly- 
carbonate, an alkali or alkaline earth metal salt of perfluoroalkanesulfonic acid, and an organic siloxane resin having 
alkoxy, phenyl and vinyl radicals introduced therein The organic siloxane resins used in practice have poor flame 
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retardant properties Reportedly flame r eta r cane c s difficult to achieve unless the alkali or alkaline earth metal salt of 
perfluoioalkanesulfonic acid is toenaed 

[0010] A genera! aim herein is to provide new and useful flame-retardant resin compositions, particularly with resin 

income-rating aromatic ring structures such as aromatic polycarbonate and epoxy resins as well as methods of prep- 

& aratton and use thereof, and art cles made from su:h compositions 

[001 1] One prot'erred aim is to provide aflame rcdaidant resin composition having added thereto an organosiloxane 
free of the special ciossimkmg organic functional racicals mentioned above, which does not evolve harmful gases 
when burned by a fire ot mandated for disposal and is thus safe and imposes a little burden to the environment 
1 00 12] Another pr cloned aim is to provide a low-cost flame retardant resin composition wherein an organosiloxane 

10 of specific structure is selected from inexpensive organosilo<anes having alkoxy radicals as functional radicals, so as 
to achieve sufficient flame retardant eflecl even when added in minor amounts. 

[001 3] A fudher preferred aim is to provide a flame relardant resin composition wherein an alkoxyabearing organosi- 
loxane of spec if io structure is used so that the moldability of the iesm composition and the outer appearance, optical 
transparency and physical properties (mechanical strength) of molded parts thereof are little affected 
is [0014] The invention provides a flame retardant resin composition comprising (A) a synthetic resin containing an 
aromatic r ing in a molecule, typically an aromatic polycarbonate resin or aromatic epoxy resin, and (B) a minor amount 
of organosiloxane containing phenyl and alkoxy radicals, represented by the following average compositional formula 
0) 

R\X,S«OH 3 ) p ^ 0) 

wherein R 1 is phenyl R 2 is a monovalent hydrocarbon radical of 1 to G carbon atoms excluding phenyl, R 3 is a mono- 
valent hydrocarbon radical of 1 to 4 carbon atoms, and letters m, n, p and q are numbers satisfying 0.5 < m < 2.0, 0 < 
2S n < 0 9, 0 42 -l p < 2.5, 0 < q < 0.35, and 0 02 5 rro n >p-iq _* 2.S. Usually 0.1 to 10 parts by weight of organosiloxane 
of formula (1 ) is blended per 100 parts by weight o ; the synthetic resin 

[0015] We find that such organosiloxane additives can give flame retardance and drip inhibition and insure optical 
transparency to the resin composition Since good flame retardance is achievable without adding halogens, phosphorus 
and antimony, the composition need not evolve harmful gases when burned Since a minor amount of the specific 
30 organosiloxane can impart flame retardance effect, the properties inherent to aromatic ring-bearing synthetic resins 
such as aromatic polycarbonate resins and aromatic epoxy resins can be substantially maintained. 

DETAILED DESCRIPTION 

3S [0016] Component (A) of the resin composition according to the invention is a synthetic resin containing an aromatic 
ring in a molecule Resins prepared from aromatic compounds such as phenol styrene, and phthalic acid are included. 
Typically, polystyrene resins polycarbonate resins, polyphenylene oxide resins acrylonitnle-butadiene-styrene resins, 
acrylonitrile-styrene resins, aromatic epoxy resins, and aromatic polyester lesms are used, with the aromatic polycar- 
bonate resins and aromatic epoxy resins being preferred 

JO [0017] Aromatic polycarbonate resins may be prepared by reacting a dihydric phenol with phosgene or carbonate 
diester. The dihydric phenol is preferably selected from bisphenols such as 2,2-bis(4-hydroxyphenyl)propano It is 
acceptable to partially or entirely replace 2 2-bis(4-hydroxyphenyl)propane by another dihydric phenol. The dihydric 
phenols other than 2.2-bis(4-hydroxypheny!ipropanc include, for example, hydroqumone, 4,4-dihydroxyphenyl, bis 
i4-hydroxyphenyl)SL'lfide, bis(4 -hydroxy phony I isuif or e, and bis(4-hydroxyphenyl)ketone. There may be used 
homopolymers of these dihydric phene Is alone or copolymers of two or more of these dihydric phenols or blends thereof. 
[001 8J Aromatic OLOxy resins are syn:hetic resins having at leas! two epoxy radicals in a molecule which can be 
:ured wth various curing agon:;. Pacr art well-known cpo>y resins a-e useful Examples include novolak type epoxy 
resins, triphenolalkane type epoxy resins, dicyclopentadiene-phenol novolak resins, phenolaralkyl type epoxy resins, 
glycidyl ester type epoxy resins alrcyclic epoxy resins, and heterocyclic epoxy resins. Epoxy resins with a biphenyl 

so skeleton having a low mcM viscosity are preferred, arid they are combined with other epoxy resins if desned. 
[0019] Component (D) is an organosiloxane of the average compositional formula {1 ) 
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2 0 0 i. n •_: 0 9 0 42 s p ^ 2 5 0 ■ q 0 35 and 0 92 < m-m ♦p*q ^ 2 & 

[0020] R 2 is selected from monryalent hydrocarbon radicals of 1 to 6 carbon atoms excluding phony!, preferably 
alkyl radicals of 1 to 6 carbon atom? and alkenyl radicals of 2 to 6 carbon atoms Examples include alkyl radicals such 
as methyl, ethyl, propyl butyl and hexyl. and alkenyl radicals such as vinyl, propenyl and butenyl Methyl is especially 
preferable from the mitigated steric hindrance and industrial standpoints 

[0021] R 3 is preferably selected t-orn alkyl radicals of 1 tc 4 carbon atoms tor example, methyl, ethyl, propyl, and 
butyl Alkyl radicals of more than 4 caibon atoms are excluded because corresponding alkoxy radicals are less reactive 
so that little flame retardant effect is expectable As the alkoxy radicals >n Ihe organosiloxane. methoxy ; ethoxy and 
propoxy radicals are preferable 

[0022] Although the organosiloxane containing phenyl and alkoxy radicals as component (B) does not possess 
crosslmking organic functional radicals (although alkenyl radicals can be ootionally contained) we noted good flame 
retardance with minor amounts of up to 1 0° o by weight of the entire composition. When the composition is combusted, 
alkoxy radicals undergo oxidative destruction/ciosslinking to couple the organosiloxane with the aromatic ring-bearing 
synthetic resin, which is fixed near the combusted site Additionally, phenyl radicals contained in the organosiloxane 
at a high content form an incombustible Si-C ceramic layer with the aromatic ring-bearing synthetic resin through mutual 
coupling of respective aromatic rings exerting an enhanced flame retardant effect 

[0023] In order for this flame retarding mechanism to work effectively, the content of alkoxy radicals represented by 
p in average compositional formula (1), that is, the moles of alkoxy radicals per mole of silicon atoms, must be from 
0.42 to 2.5 With p < 0.42, less crosslmking occurs, failing in fixation near the combusted site. With p > 2.5, only 
organosiloxanes with a low molecular weight are obtained and most of them are lost through gasification with heat 
during combustion before they are fixed In either case : the flame retardant effect is reduced A prefer red alkoxy content 
is 0 45 to 2.3 moles per mole of silicon atoms 

[0024] On the other hand, silanol radicals contained in the organosiloxane are less reactive and contribute little to 
flame retardance. The value of q in average compositional formula (1), representing the content of silanol radicals, is 
up to 0 35, preferably up to C.30, when the storage stability and the stability during melt processing with the aromatic 
ring-bearing synthetic resin are taken into account 

[0025] Another factor necessary for the above flame retarding mechanism to work effectively is the content of phenyl 
radicals R 1 . The content of phenyl radicals represented by m in average compositional formula (1), that is, the moles 
of phenyl radicals per mole of silicon atoms, must be from 0 5 to 2 0 With m < 0 5 indicating too few phenyl radicals 
no flame retardant effect is accomplished With m > 2.0, the phenyl content is fully high, but more structural units in 
which sterically bulky phenyl radicals concentrate on one silicon atom are present and provide a considerable steric 
hindrance As a result, the degree of spatial freedom of organosiloxane molecules is reduced to prevent aromatic rings 
from fufly overlapping each other, which is necessary for the flame retarding mechanism due to mutual coupling of 
aromatic rings to work, failing to achieve satisfactory flame retardance A more appropriate value of m is 0.6 to 1 .8, 
and an especially preferred value ot m is in the range of 0 8 to 1.3 

[0026] The substituents attached to silicon atoms through Si-C bonds may include substituents R 2 other than phenyl. 
Since this substituent is not directly related to f.ame retardant effect, an increased content thereof brings a contrary 
result If present in an appropriate content, R 2 sometimes acts to mitigate the steric hindrance of an organosiloxane 
molecule having a high content of bulky phenyl radicals and improve the degree of spatial freedom, thereby facilitating 
mutual overlapping of phenyl radicals to enhance the flame retardant effect. The content of R 2 within which this desirable 
effect is expectable ) represented by n in formula (1 ), is up to 0.9, preferably 0 to 0.3. Preferably the ratio of n to the 
sum of m and n in formula (1), that is, n/(m+n) is from 0 to 0 3. With n/(rmn) in excess of 0.3, the relative content of 
phenyl radicals is somewhat reduced, sometimes affecting the flame retardant effect 

[0027] With respect to the optical transparency of parts molded from 1he flame retardant resin composition, as the 
phenyl content of organosiloxane becomes higher, the organopolysiloxane becomes more dispersible in or compatible 
wrth the aromatic ring-bearing synthetic restn whereby the optical transparency is improved The preferred phenyl 
content, represented by m in formula (1), within which both flame retardance and optical transparency are ensured is 
from 0.6 to 1.5, and the preferred proportion of substituents other than phenyl, represented by n/(m+n). is from 0 to 
0 2 The composrtion may however be an opaque one 

[0028] It is noted that the sum of rmn + p + q is from 0.92 to 2 8 With m+n+p+q <; 0.92. the organopolysiloxane has a 
too high degree of polymerization {or molecular weight) to provide flame retardance. With man+p+q > 2.6, the organ- 
opolysiloxane has a too low cegree of polymerization (or molecular weight) to provide flame retardance. 
[0029] Preferably, the organosiloxane (B) contains at least 50 mol% of units of the following formula (2) 



R 4 -SiX 3 



(2) 
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[0030] In formula (2>. R 4 is as defined for R 1 or R 2 . > is -OH. -OR 3 or silo>ane residue and at least one of the three 
X radicals attached to one silicon atom is a siloxane residue The siloxane tesidue is represented by O u2 when one 
of the X radicals is a siloxane residue, 0 2 2 when two of the X radicals arc s'loxane residues. and0 32 when the three 
X radicals are siloxane residues These oxygon atoms bond with other silicon atoms to form siloxane bonds 

£ [0031] These W ifunc tional siloxane units form a three-dimensional crosslink structure to strengthen the molecular 
structure of organosiioxane to impart resinous nature thereto, thereby improving the dtsporsibihty of the organosiioxane 
:n the aromatic ring-bearing synthetic resin (A) and prccessabihly As opposed lo an orqanosiloxane of a linear molec- 
ular structure containing more mono!u net tonal or d if u notional siioanc units that toads to form a volatile low molecular 
weight siloxane through the reari angement of suox^nc bonds induced by heat during combustion so that it may escape 

w from the system an organosiioxane containing more afunctional siloxane units with high crosslinkmq reactivity con- 
verts to a higher molecular weight one which remains in the system to contribute to flame retardance 50 mol"o of these 
afunctional siloxane units would usually assure a significant advantage. Better flame retardant e fleet is achieved with 
organosiloxanos containing at least 60 molvV especially at least 95 mol°o of tnf unctional siloxane units 
[0032] R 4 in formula (2) is as defined for R 1 or Ro typically alkyl alkenyl and aryl radicals, which may have substit- 

i$ uents cither than halogens. Examples of the radical represented by R 4 include alkyl radicals such as methyl, ethyl, 
propyl, butyl and hexyl. alkenyl radicals such as vinyl, propenyl and butenyl. and aryl radicals such as phenyl Phenyl 
and methyl are cornme'cially preferred 

[0033] X in formula (2) is -OH, OR 3 or siloxane residue, and at least one of the three X radicals attached to one 
silicon atom must contain a siloxane bond or siloxane residue The teim siloxane residue means that the oxygen atom 
20 in a linkage ==S\-0- bonds with another silicon atom to form a siloxane bond. More illustratively, the siloxane residue 
ts icpiesented by 0 1/iL . when one X radical is a siloxane icsidue, Q 2/2 when two X ladicals aie siloxane tesidues. and 

CJ 3/2 wnen me unto a icjuiucub diu biiuAcint- n;siuui;o. \ t >^=>^ ^yy^n <-<iun.o v.,,-, . 

siloxane bonds. The units of formula (2) are illustrated below 



R 4 R 4 R 4 

l l I 

X'-Si-X' , -O-Si-X ' , -O-Si-O- 
1 i l 

qn 0 o o 

[0034] Herein, R 4 is as defined above and X' is OH or OR 3 . 

[0035] Preferred examples of the Afunctional siloxane unit of formula (2) are given below: 

C 6 H 5 Si0 3 , 2 , 
C 6 H 5 Si(OCH 3 >0 2 , 2 
C 6 H 5 Sf(OH)0 2/2 , 
C 6 H 5 Si(OCH 3 ) 2 0 1/2 . 
CH 3 Si0 3/2 , 
CH 3 Si(OCH 3 )0 22 , 
CH 3 Si(OH)0 2 2 . and 
CH^SKOCT^)^ 2 

Herein, O, - v 0<---.. and c>- represent siloxane residues Iha* bond wMh other silicon atoms to form siloxane bonds as 
mentioned above 

[0036] As constcuen! units ctner :han th.o tnf unctional silo»:ane units dosenbod above, the organosiioxane (B) may 
contain the following siloxane units, in such amounts as are consistent with the desired properties. 

difunctional siloxane units represented by R 5 R 6 3iX 2 . 
monofunctional silo<ane units represented by R 7 R e R Q SiO r2 . and 

tctr afunctional gi!o> an o units represented by S'X 4 . wherein R r ff\ P\ R p . rind R q are organic radicals as defined 
for R 4 in formula (2). the or curve r.i iioii- in the cume formula may be the same or different, and X is as defined 
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C 6 H 5 (CH 5 ) 2 Si0 1/2 

[0038] Preferred examples of the Afunctional siloxane unit are given below 

{C 6 H 5 ) 2 SiQ 2 - 
(C 6 H 5 ) 2 Si(6cH 3 )0 1/2 , 

(C 6 H 5 )-.SifOH)0 1/2 . 

<CH 3 )C 6 H 5 Si0 2;? , 

(CH 3 )C 6 H 5 Si(OCH 3 )0 1/2 . 

(CH 3 )C 6 H 5 Si(OH)0 1/2 , and 

(CH 3 ) 2 Si0 2/2 . 

[0039] Preferred examples of the tetrafunctional siloxane unit are given below 
Si0 4/2) 

Si(OCH 3 )0 32 , 
Si(OH)0 3/2 
Si(OCH 3 ) 2 0 2/2 , 
Si(OH) 2 0 2/2 , and 
Si(OCH 3 ) 3 6 1/2 . 

[0040] In particular, the tetrafunctional siloxane units exert a flame retardam effect simitar to the trifunctional siloxane 
units because the tetrafunctional siloxane units form a three-dimensional crosslink structure to strengthen the molecular 
structure of organosiloxane and their high crosslmkmg reactivrty converts the organosiloxane to a higher molecular 
weight one which remains in the system to contribute to flame retardance. Also, the inclusion of tetrafunctional siloxane 
units in organosiloxane imparts inorganic compound-like properties thereto, which is further preferable in view of the 
flame retardant effect. However, a higher content of tetrafunctional siloxane unrts reduces the dispersibility in and 
compatibility with the aromatic ring-bearing synthetic resin (A), thereby detracting from the outer appearance, trans- 
parency and strength of molded parts Therefore, an attention must be paid so as not to increase the content too much 
The desired content of tetrafunctional siloxane units is up to 50 mol% 

[0041] The organosiloxane (B) preferably has an average degree of polymerization of 2.5 to 20. The degree of po- 
lymerization has an important effect on the flame retardant effect. Organosiloxanes with an average degree of polym- 
erization in this range are well dispersible upon melt mixing, but localized at a relatively high concentration on the 
surface of molded parts so that the heat during combustion may cause the organosiloxane to melt and migrate to 
gather in proximity to the combusted site. This ease of migration also facilitates overlapping of phenyl radicals for 
further improving the flame retardant effect. A low molecular weight organosiloxane having an average degree of 
polymerization less than 2 5 may sometimes be lost through gasification with heat during melt mixing or combustion, 
wrth the flame retardant effect being less good. Organosiloxanes having an average degree of polymerization of more 
than 20 may have less ease of migration during combustion, which can affect the flame retardant effect, and reactive 
alkoxy and silano! radicals may condense to form an insoluble high molecular weight matter during melt mixing, making 
more difficult dispersion of organosiloxane in the aromatic ring-bearing synthetic resin. More preferably, the organosi- 
loxane has an average degree of polymerization of 2.5 to 1 5. Further desirably, a weight average molecular weight of 
410 to less than 2,000 is met. 

[0042] The organosiloxanes may be prepared by well-known methods. For example, an organochlorosilane capable 
of forming the above-mentioned siloxane unit is reacted with an alcohol in excess of the necessity to react with all 
chloro radicals and water to form an alkoxy-bearing organosilane, and the unreacted alcohol, water and hydrogen 
chloride as the reaction by-product are removed by vacuum stripping or other suitable means, obtainingthe end product. 
In order to prepare an organosiloxane having the desired alkoxy content or average molecular weight, the amounts of 
alcohol and water to be reacted are adjusted. An organosiloxane approximate to the desired structure can be obtained 
when water is used in a theoretical amount to achieve the desired average molecular weight and the alcohol used in 
excess of a theoretical amount to achieve the desired alkoxy content. 

[0043] If an alkoxysilane capable of forming the above-mentioned siloxane unit is available, a method of effecting 
partial hydrolytic condensation reaction in the presence of water in a theoretical amount to achieve the desired average 
molecular weight is possible. In thts case, an acid, base or organometallic compound is preferably added as a catalyst 
for promoting the reaction. The alcohol by-product is removed by distillation under atmospheric pressure or vacuum 
stripping, yielding the end product. When it is desired to further increase the storage stability, the reaction catalyst 
added may be removed by neutralization, for example In any of these methods, an organic solvent may be blended 
for the purpose of preventing gel formation or restraining a molecular weight distribution from spreading 
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[0044] The preferred amount of or :janosiloxano (B) blended in the flame retardant resin composition of the invention 
is 0 1 to 10 parts preferably 1 to 8 parts t)y weight, per 100 parts by weight of the synthetic resin (A) Less than 0 1 
part of orpanosiloxane (B) on this basis may imparl littleflame retardance whereas more than 10par1s of orpanosiloxane 
( B i may sc>mctimes affect the outer appearance and st r ength of mc idmg Those organcsiloxane does riot evolve harmful 
5 gases upon combustion 

[0045] Better flame r eta r dance is sometimes obtained when organic alkaii metal salts, organic alkaline earth metal 
salts or mixtur es thereof such as scoum dipheny,sulfc-ne-3-sulfcna'.e and sodium port luoroalkanesulfonates are added 
to Hie flame ictardant resin comoos -tion of T M c invention Those salts function as a car conization accelerator for pro- 
moting formation of an incombustible Sao ceramic layer by mutual coupling of aromatic rings, and any of salts known 

10 of such function may be used An appropriate amount of the sail added is up to 5 parts by weight per 100 parts by 
weight of the aromatic ung-bearing synthetic resin (A) Loss than 0 001 part of the salt is ineffective for its purpose 
whereas moie than 5 pads of the salt rnav adversely affect ttie outer appearance and strength of molding. Illustrative 
examples are sodium bcnzcnesultonate. disodium naphthalene-2,6-oisu!for iate, sodium diphenylsulfone-3-sulfonate. 
and sodium perfluorobutanesultonale 

is [0046] In the flame tetardant resin composition of the invention, an inorganic filler may be blended as a reinforc ement 
Examples of the tiller include silicas such as fused silica and c rystailinc silica, alumina, silicon nitride, aluminum nitride, 
boron nitride, titanium oxide, anc glass fibeis. No particular limits are imposed on the mean particle size and shape of 
the inorganic filler although sphencal fised silica having a mean particle size of 5 to 40 pm is especially preferred from 
the molding and flowing standpoints. An appropriate amount of the inorganic filler is about 400 to about 1,200 parts 

20 by weight per 1 00 parts by weigh 1 , of Hit aromatic ring-bearing synthetic resin (A). Less than 400 parts of the filler would 
be less effective for leinloic ement whereas more than 1 ,200 parts of the filler can adversely affect molUabihty. In order 
to enhance the bond strength between the synthetic resin and the inorganic filler, it is preferred to use the inorganic 
filler which has been surface treated wi'h coupling agents such as si lane coupling agents and titanate coupling agents 
Exemplary coupling agents include epoxysilanes such as y-glycidoxypropyllrimethoxysilane, y-glycidoxypropylmethyl 

25 dicthoxysilane, and [V (3,4 cpoxycyclohexyl) ethyltnmethoxysilane, ammosilancs such as N-JP(aminoethyl)-y-amino 
propyltnmcthoxysilane, y-aminopropy Ituethoxysilane, and N-phenyl-y-aminopropyl-trimethoxysilane, and morcaptosi- 
lanes such as yanercaptopropylbimethoxysilane. The amount of coupling agent used and the surface treating method 
are not critical. 

[0047] In the flame retardant resin composition according to the invention, any of well-known additives may be blend- 
30 ed. if necessary, for example, antioxidants, neutralizing agents, UV absorbers, antistatic agents, pigments, dispersants, 

lubricants, thickeners, drip inhibitors (such as fluoro-resins), stress-reducing agents, waxes, and coloring agents. 

[0048] In preparing the composition of the invention, the above essential and optional components are metered and 

mixed using equipment and methoos commonly used in the manufacture of prior art rubber and plastic compositions. 

More particularly, the components are fuliy mixed and dispersed by an agitating mixer such as a ribbon blender or 
35 Henschel mixer, and the mixture is further kneaded in a melt kneader such as a Banbury mixer or extruder, thereby 

obtaining the desired composition 

[0049] In molding the composition of the invention, any of well-known molding methods such as injection molding, 
extrusion molding, compression melding and vacuum forming may be used 

40 EXAMPLE 

[0050] Examples of the invention are given below bv way of illustration and not by way of limitation. The organosi- 

loxancs obtained in the following Preparation E>amples wee examined for structure by 2q ScNMR and H-NMR and 
their degree of polymerization was Jo: er mined by plotting GP J moasir ement data on a calibration curve obtained 
from a polystyiene standa'd sample Pfi is phenyl and Vi is vinyl 

Preparation Example 1 

[0051] A 1 -lite i flask equipped with a stirrer, condenser and thermometer was charged with 21 1 g (1 rnul) of phenyl- 
50 tnchlorosilane and 143 g of toluene arid heated to an internal temperature of 40 C C in an oil bath. A dropping tunnel 
was charged with G4 g (2 mol) of methanol, which was added dropwise to the flask over one hour with stirring. Alkox- 
ylaticn reaction was proceeded whi : e removing out of the system hydrogen chloride gas evolving during the reaction. 
At tine end of dropwise addition, stirring was continued at the internal temperature of 40 D C for a further one hour for 
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nostloxano 

[0052] 1 he resulting organosiloxane- is of 

Ph, 0 Si(OCH 3 ) 1 5 (OH) 0C O 1 
when represented by the average compositional formula 



n R \Si(OR%(OH) q O (4 . 



ni-n-p-q).l 



wherein m = 1.0. n = 0^ n/(m-m) = 0, the organic substituents attached to silicon atoms through Si-C bonds are 100 
mol% phenyl p = 1 5, R 3 = methyl, q= 0 2 and tnfunctional snoxane units are contained 100 mol%. The organosiloxane 
appeared to be a colorless clear liquid and had an average degree ot polymerization of 3 and a weight average molecular 
weight of 500. 

Preparation Example 2 

[0053] The procedure of Preparation Example 1 was repeated except that in the alkoxylation step, the 1 -liter flask 
was charged with 159 g (0.75 mol) of phenyltrichlorosilane, 37 g (0.25 mol) of methyltrichlorosilane, and 143 g ot 
toluene, and the dropping funnel was charged with 48 g (1.5 mol) of methanol, and in the subsequent hydrolytic con- 
densation step, the dropping funnel was charged witn 18 g (1 mol) of water There was obtained 1 20 g of a liquid 
methoxy-bearmg organosiloxane 
[0054] The resulting organosiloxane is of 

Ph 0 75( CH 3>0.25 S '( OCH 3)l o(°")o.n 0 i.e3x- 

when represented by the average compositional formula 



R ™ R n Si(OFT) (OH) O m 

wherein m = 0.75, n = 0.25, rv(m+n) = 0.25. the organic substituents attached to silicon atoms through Si-C bonds are 
3S 75 mol% phenyl and 25 mot% methyl, p - 1 0, R 3 = methyl, q~ 0.17, and tnfunctional siloxane units are contained 100 
mol%. The organosiloxane appeared to be a colorless clear liquid and had an average degree of polymerization of 14 
and a weight average molecular weight of 1 ,900 



Preparation Example 3 



[0055] The procedure of Preparation Example 1 was repeated except that in the alkoxylation step, the 1 -liter flask 
was charged with 1 59 g (0.75 mol) of phenyltrichlorosilane, 37 g (0.25 mol) of vinyltrichlorosilane, and 143 g of toluene, 
and the dropping funnel was charged with 46 g {1 .5 mol) of methanol and in the subsequent hydrolytic condensation 
step, the dropping tunnel was charged with 17 g (0.9 mol) ot water. There was obtained 120 g of a liquid methoxy- 
4b bearing organosiloxane 

[0056] The resulting organosiloxane is of 



Ph 0 75 V '025 S KOCH3) 10 (OH) 0l7 O ie3;2 , 
when represented by the average compositional formula 

Rl m R2 n S 'f° R3 ) (OH) O tA 

m n /p v 'q (4-m-n-p-q)/2 

wherein m - 0 75, n = 0 25 : n/(rrnn) = 0 25 the organic substituents attached to silicon atoms through Si-C bonds are 
75 mol% phenyl and 25 mol% vinyl, p = 1.0, R 3 = methyl, q = 0.17. and trif unctional siloxane units are contained 100 
mol%. The organosiloxane appeared to be a colorless clear liquid and had an average degree of polymerization of 10 
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and a woic;' it average molecular weigh! of 1 60c 
Preparation Example 4 

5 [0057] T ho pi oc ecu re ol Preparation. Example 1 was repeated exec pi thai in the alkoxylation stop, the 1 -liter flask 
whs charged with 180 q (0 65 mol) of phom It nchk >r c -ilnne 19 q (0 16 inch of dirnethvldichiorosilane. and 143 q of 
loluone. a fid the dropping funnel was charged with 46 g (1 5 moh cf methanol, and in the subsequent hydiolytic con- 
densation step, Ine dropping funnel was charged witn 16 q (1 mol; of water "there was obtained 130 g of a hguiu 
methoxy-bearmg or ganosiioxanc 

w [0058J The resulting organosiloxane is of 

Pho, tt lCH i ) u . ) Si!OCH 3 ) 0(1 (CH)„ 16 0, 7 ,.„ 

1$ when represented by the average compositional formula. 

R 5 R 2 Si(OFT) (OH) O , 

20 wherein m = 0.85. ri = 0.3, n/(m in) = 0.26, Ihe organic subsliluents attached to silicon atoms through Si-C bonds are 
74 mol% phenyl and 26 moDo methyl, p = 0.9, R 3 - methyl, g - 0.10. arid tnf unctional siloxane units are contained 85 
mol% The orqanosiloxanc appeared to be a colorless clear liquid and had an average degree of polymerization of 9 
and a weight average molecular weight of 1 ,300. 

25 Preparation Example 5 

[0059] The procedure of Preparation Example 1 was repealed except that in the alkoxylation step, the 1 -liter flask- 
was charged with 1 48 g (0 6 mol) of phenyltn chlorosilane and 101 g (0.4 mol) of diphenyldichlorosilane, and the drop- 
ping funnel was charged with 32 g (1.0 rnoh of methanol, and in the subsequent hydroiytic condensation step, the 
30 dropping funnel was charged with 20 g (1 1 mol) ol water There was obtained 1 1 6 g of a liquid organosiloxane 
[0060] The resulting organosiloxane is of 

Ph l4 Si(OCH 3 ) 06 (OH J0l6 O 1M , ! 

35 

when represented by the average compositional formula: 

nl m R2 n Sl ' 0n3 )p( OH ) 4 °(4-n 1 -n^ qi ^ 

40 

wherein m = 1.4. n _ 0 n/(rrnn) = 0, the organic substituents attached to silicon atoms through Si-C bonds are 100 
mol% phenyl, p = 0.6. R 3 - methyl, q - 0.1 6, and tr if unctional siloxane units are contained 60 mol%. The organosiloxane' 

appeared to be a colorless clear liquid and had an avc age degree ot polymerization of 10 and a weight average 
molecular weight of 1./0U. 

f" reparation F xample G 

[0061] A 1 -liter flask equipped with a stirrer, condenser and thermometer was charged with 132 g (0 55 mol) of 
phonyllnethoxysilane, 94 g (0 45 mol) of tctraethoxysilane, and 64 g of ethanol and heated to an internal temperature 
so of 40°C in an oil bath. A cropping funnel was charged with 9 g of 3C"o aqueous hydrochloric acid (water 0.35 mol), 
which was added dropwisc to the flask over one hour with stirring for reaction to take place. At the end of dropwise 
addition, ctirrir.g war ccntmucd at an internal temperature of 67° C lor a further one hour for ripening The ethanol and 
unrcacted water wore distiileccff under atmospheric pressure while the reaction solution was heated to 100°C. There- 
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when represented by the average compositional formula 



R 1 R J SifOFT) (OH) G , 



wherein m - 0 55 n - 0 n/(.7<ni^0 the organic substituents attached to silicon atoms through Si-C bonds are 1 00 
mol°o phenyl, p = 2.2, R 3 - cthyL q _ 0 05 and trifunctional siloxane units are contained 55 mol°o The organosiloxane 
appeared to te a colorless clear liquid and had an average decree of polymerization of 2 5 and a weight average 
molecular weight of 470 

Preparation Example 7 

[0063] The procedure of Preparation Example 6 was repeated except that the 1 -liter flask was charged with 85 g 
(0 4 mol) of phenyltrimethoxysilane, 91 g (0 6 mol) of tetramethoxysilane, and 64 g of methanol and the dropping 
J£ funnel was charged with 16 g of 30% aqueous hydrochloric acid (water 0 6 mol) There was obtained 125 g of a 
methoxy -bearing organosiloxane 
[0064] The resulting organosiloxane is ot 

20 Ph o.4 Si fOCH 3 ) 2e (OH) 01 C 0 92 , 

when represented by the average compositional formula: 

"5 r1 m R 2 n Si(OR 3 ) n (OH) O m 

mn v 'p\ 'q (4-m-n-p-qV2 

wherein m = 0.4, n = 0 : n/(rrnn) - 0 ; the organic substituents attached to silicon atoms through Si-C bonds are 100 
mol 0 ';, phenyl p = 2.6 ; R 3 = methyl, q = 0. 1 , and trifunc tionat siloxane units are contained 40 mo!%. The organosiloxane 
appeared to be a colorless clear liquid and had an average degree of polymerization of 2 and a weight average molec ular 
30 weight of 300. 

Preparation Example & 

[0065] The procedure of Preparation Example 1 was repeated except that in the alkoxylation step, the 1 -liter flask 
35 was charged with 177 g (0.7 mol) of diphenyldichlorosilane and 68 g (0.3 mol) of triphenylchlorosilane, and the dropping 
funnel was charged with 32 g (1.0 mol) of methanol, and in the subsequent hydrolytic condensation step, the dropping 
funnel was charged with 9 g (0 5 mol) of water. There was obtained 211 g of a methoxy-bearmg organosiloxane 
[0066] The resulting organosiloxane is of 

40 

Ph 23 S,(OCH 3 ) 07 (OH) 0l C 09 ^ ; 
when represented by the average compositional formula 

46 1 £ 

R R n Si(OR") (OH) O,. 

m n ^ 'p K 'q (4-m-n-p-q)/2 

wherein m = 2.3.. n = 0 n/(mtn) = 0, the organic substituents attached to silicon atoms through Si-C bonds are 100 
mol% phenyl, p ~ 0.7, R 3 _ methyl, q - 0 1 , and tnf unctional siloxane units are contained 0 mol%. The organosiloxane 
-•o appeared to be a colorless clear liquid and had an average degree of polymerization of 2 and a weight average molecular 
weight of 470. 

Preparation Example 9 

55 [0067] The procedure of Preparation Example 6 was repeated except that the 1 -liter flask was charged with 198 g 
(1 mol) of phenyltrimethoxysilane and 64 g of methanol and the dropping tunnel was charged with 31 g of 1 3^0 aque^ous 
hydrochloric acid (water 1 5 mol) There was obtained 115 g of a methoxy-bearmg organosiloxane 
[0068] The resulting organosiloxane is of 
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HI., c biiL!CH_j 0 : iUH) Q : ^ 2f ,. : 
wh or represented b/ U o averaue compositional formula 

R 1 FT SiiOR ') iOH) O . 

n. n [" q i4-ni -rv p-q i 

wherein m 1 0. n 0 ivumn) 0. 1 Mo organic substiluents attached to silicon atoms through Si-C bonds Hie 100 
i o mob<- phenyl, p - D 1 . - methyl, d = 0 3 . <' md tr rum. I ional snoxane units are t xvitamed 1 00 :noi (, t . 1 he or ganosiloxane 
appeared to be a colorless i leai solid and had an avuiage oegree ot po.yn ef i/ation of 25 and a weight average 
molecular weight of 3.300 

Pre par, 'it ion Ex amp to "0 

is 

[0069J '1 he pfO':cdute ot f d c\ ..aration Example- 1 was repeated except that in the alkoxylation step, the 1 -liter flask 
was charged with 9b g (0 4 b mo I) of phenyltnchlorosilanc and /1 g (0.5b mcl) oi dimothy Id ich lotos i lane, and the drop- 
ping funnel was charged with 4B g (U mob ot methanol, and in the subsequent hydrolytic condensation step, the 
dropping funne- was charged with 16 g ( 1 mob el water "Ihoro was obtained 100 g of a liquid or aanosiloxanc 
20 [0070] The r esulling or ganostlo* ane vs of 

''h 0ii5 (CH 3 ) 1 1 :3i(OC:H 3 ) 05 (OI !} 02 G 1 7& . £ . 
2B when represented by the average compositions! formula 

R'„H\Si(OR :) ) ( .(OH) q O (4 . m . ri . M) , 

30 wherein m 0 4b, n - 1.1, n/(mtn) = 0.7 the c game substituents attached to silicon atoms through Si-C bonds are 
29 mol°o phenyl and 71 molbo methyl, p - O.b, R 3 - methyl, q = 0.2, and trifunctionai siloxane units are contained 45 
rnol%. The organosiloxane appeared to be a ccbrless clear liquid and had an average degree of polymerization of 10 
and a weight average molecular weight of 1 ,100. 

35 Examples 1-8 & Comparative Examples 1-7 

[0071] Compositions; were prepared by adding 1 pad cf an organosiloxane to 100 parts by weight of an aromatic 
polycarbonate resin or 10 parts by weight of an organosiloxane to 100 parts by weight of an aromatic epoxy resin in 
accordance with the combination shown in Table 1 , premtxing the ingredients in an automatic mortar, and melt kneading 
the premix in a s nq^e screw extruder at a temperature; of 2S0°C In Comparative Example 5, KR-219 (silicone resin 
manufactured by Shin-Etsu Chemical Co., Ltd. in formula (1), m - 0.75 and n = 1.0 wherein R : - is a mixture of vinyl 
and methyl) was used 

[0072) In L xamples 4-7 and Comparative (.:< amp les " and 5. 0 5 part by wei:;ht of sodium cPphern ls< jlfone-3-S' jlf onate 
wris further a coed :o the mixture 

[0073] I he pcivcarbcnate ia\r- ur-c-CJ was , -ant ■re-*' 1 OL'J <_v tiaving a v'is< osity average moiecuLr weight of aboul 
20.000 couimcicncly available hem bairns mo-Cow K K T ho , \ v\ re: in used was YX4C00HK having an epoxy equiv- 
alent of 1P0 o vn-nereiallv available from V,.« H -hrll K K pus an nqunl weight of a phenolic resin curing agent XL- 
225-3L having a phi-noi equivalent of 1 boo omr nun.. lally hv',-i bible *rorn Mitsui Toatsu Chemical K K 
[0074] The compositions were; examine J for flame rclardancc and optical transparency. 
£-c [0075] Test bars of 1 / 1 C inch thic k wore mode d from the compositions a no examined for flame r eta: dance in accord- 
ance with trie test procedure set forth m I 'noer outers' babe-atones Inc Bulletin 94. Burning test for Classifying Ma 
te. rials (hereinafter referred to a';. UL 94) 

[ 007 6] T he- optio 1 1 Iran s \ ■ a r or i c y w a s measure d t > v r > ' o a n s o f a v i si b I o a t > s or [ ; t ion s p ec t r op h o t o m o t c r Using a m o Id ocJ 
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Syntactic R cz\n 


Of qanoc itoxanc 


7 ransmittancc 


UL 94 rating 


F 1 


r OlyCH 1 1 j< >n H ] G 


1 


Pass 


V-0 


F 9 


P o ! y c a r b on a 1 6 




Pass 


V-C 


E 3 


PolyC a 1 ' )( >f lid lG 




Pass 


V-0 


F A 

Li ^ 


Polyc a rbonat e 


4 


Pass 


V-0 


E 5 


Polyca rbon.-ste 




Pass 


V-0 


IZ D 


Polycarbonate 


6 


Pass 


V-0 


C 1 
t / 


Polycarbonate 


1 


Pass 


V-0 


ho 


Epoxy 


1 


Pass 


V-0 


CE1 


PnK/r rbrin^i t o 


/ 


Reject 


V-2 


CE2 


Polycarbonate 


e 


Pass 


V-1 


CE3 


Polycarbonate 


9 


Pass 


V-1 


CE4 


Polycarbonate 


10 


Reject 


V-2 


CE5 


Polycarbonate 


KR-219 


Pass 


V-1 


CE6 


Polycarbonate 


none 


Pass 


burned 


CE7 


Epoxy 


none 


Reject 


burned 
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[0078] Note that the organosiloxane was identified by its Preparation Example No. 

[0079] The resin composition comprising an aromatic ring-bearing synthetic resin and an organosiloxane containing 
phenyl and alkoxy radicals is rendered flame retardant in that it does not evolve harmful gases when burned, while 
parts molded therefrom maintain optical transparency 

[0080] Japanese Patent Application No 335153/1997 is incorporated herein by reference 

[0081] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in the light ol the above teachings. It is therefore to be understood that 
the invention may be practiced otherwise than as specifically described 



Claims 



A flame retardant resin composition comprising 

(A) 100 parts by weight of synthetic resin containing an aromatic ring in a molecule, and 

(B) 0.1 to 10 parts by weight of organosiloxane containing phenyl and alkoxy radicals, represented by the 
following average compositional formula (1) 



R m R n Si(OR°) (OH) O iA 

m n v ; q <4-m-n-p-q)/2 



wherein R 1 is phenyl, R 2 is a monovalent hydrocarbon radical of 1 to 6 carbon atoms excluding phenyl, R 3 is a 
monovalent hydrocarbon radical of 1 to 4 carbon atoms, and m, n. p and q are numbers satisfying 0.5 < m < 2.0, 
0 < n < 0.9. 0 42 < p < 2.5, 0 < q < 0.35. and 0 92 < m+n + p-tq < 2 6 

A composition cf claim 1 wherein the organosiloxane (B) has a weight average molecular weight of 410 to less 
than 2,000 



A composition of claim 1 or claim 2 wherein the organosiloxane (B) contains at least 50 mot% of units of the 
following formula (2i 
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R 4 -SiX. (2) 

whet em R 4 is as defined lor R 1 c H ; X is -OH. -OR- or siloxane residue at least one of the t f uee X radicals 
5 attached to one siloon ,i;om is a siloxane residue, said siloxane residue is represented by O, ^ &22- Hnc ^ c 

when one. two. and three of the X radcals are siloxane residues, respectively, and these oxygen atoms bond with 
other silicon atoms to form silo>;anc bonds 

4. A composition of claim 1 . 2 or :> wherein ;n "crrnula (1 ) :n and n furtner satisfy 0* - n.'(rn in) < 0 3 

/e 

5. A composition according to any one of the preceoinc claims wherein in formula H ) is methyl 

6. A composition according to any one of the preceding claims wherein component (A) is an aromatic polycarbonate 
resin or aromatic epoxy resin 

15 

7. A flame -resist ant article made of a resin composition according to any one of claims 1 to 6 

8. Ihe use of organosiloxane (B) as defined above to confer flame retardancy on organic resin compositions con- 
taining aromatic rings 

20 

9. Use according to claim 8 in which the resin is an aromatic polycarbonate or aromatic epoxy lesin. 
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